Stroke is a leading cause of death, morbidity and disability worldwide. Infection is a common complication in the acute phase after stroke. Herpes zoster is a common viral disease, in which the most debilitating complication is post-herpetic neuralgia, which can have a very large negative impact on quality of life. The aim of this study was to investigate whether stroke increases the risk of herpes zoster.
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Introduction
Stroke is a leading cause of death, morbidity and disability worldwide [1] . Because stroke is a multifactorial disease resulting from interactions among many risk factors, the mechanisms of stroke differ widely. Although atherosclerosis (12-54%,) and embolism (10-26%,) [2] are the most common reasons of stroke, a substantial proportion of strokes are attributed to uncommon mechanisms namely arterial dissection (25%), vasculitis (3-5%) and coagulopathies (10%), especially among individuals aged less than 50 [3] Common risk factors include smoking, atrial fibrillation, hypertension and other cardiovascular factors. Population ageing is also increasing the incidence of stroke [4] .
Herpes zoster (HZ) is caused by reactivation of a latent varicella-zoster virus (VZV) residing in sensory ganglia and dorsal roots after primary infection [5] . This disease is characterized by painful vesicular skin eruptions and related neurological disorders, which are usually unilaterally grouped and limited to one to three dermatomes. Estimates of the lifetime risk for HZ range from 10% to 30%, and the incidence and severity conspicuously increase over 50 years of age [6, 7] . Although HZ usually subsides spontaneously, 13-25% of patients undergo postherpetic neuralgia continuing 3 months or longer [8] . Post-herpetic neuralgia, which is the most common and debilitating complication of HZ, often has a profoundly negative quality of life impact [9] . Additionally, population studies indicate that HZ increases the risks of stroke and cancer [10] [11] [12] . People suffered from HZ or HZ ophthalmicus were reported to have 1.3 to 4-fold increased risks of developing stroke, especially within one year after HZ occurrence [13] . Both ischemic and hemorrhagic strokes have been described [14] . Since the substantial health care burden imparted by HZ and its complications, patients with HZ should be educated in risk factors for stroke [15] [16] [17] .
Post-stroke infection, which reportedly occurs in 23-65% of stroke patients, is associated with increased mortality and poor patient outcome [18] . Even though the reported infection rates following stroke differ enormously, infection is still a common complication during the acute post-stroke phase [19] . Infection rates in stroke patients are related to their clinical characteristics, such as stroke severity, level of consciousness, admission to ICU other than age and gender [20] . In one case-control study in Korea, Seo et al. showed a significant increased risk of severe HZ requiring hospitalization in ischemic stroke. However, no studies have linked the risk of HZ occurrence to hemorrhagic stroke [21] . Therefore, the aim of this study was to survey whether HZ risk is higher in persons with stroke compared to the general population and the relevance to different type of stroke. This study took advantage of the Longitudinal Health Insurance Database (LHID) to identify high-risk patients who could be focused for preventive strategies.
Materials and methods

Data source
The National Health Insurance (NHI) program of Taiwan is a mandatory, single-payer system established in 1995; approximately 98% of all Taiwan residents are currently enrolled, and almost all medical care providers in Taiwan are contracted to provide outpatient and inpatient services. The NHI claims records include information for inpatient, ambulatory, and home medical care. Currently, the National Health Insurance Research Database (NHIRD) is among the largest nationwide population-based databases in the world. The complete NHIRD and several dozen extracted datasets are available to researchers. Double-scrambling protocol is managed to deal with the original information so that each individual is encrypted to protect privacy. Therefore, patients can be followed up by linking claims for individual patients across the extracted datasets noted above. The LHID2010 constitutes registration and claims data collected by the NHI program for a nationally representative group of 1 million individuals. All participants were enrolled in the NHI during the period from January 1, 1996, to December 31, 2010. The design of this study was reviewed and approved by the Institutional Review Board of Chang Gung Medical Foundation (Number 201900594B1).
Study population and potential confounders
The HZ risk after stroke was estimated by analysis of a nationwide population-based cohort. The cohort dataset used in the analysis included patients with and without a first-time incident of stroke and HZ. The study cohort included patients older than 18 years who were still alive in 2010. All diagnoses of patients with linked data were coded according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). The dataset for this cohort study included 20,551 stroke cases that required hospitalization since January 1, 1996 (hemorrhagic stroke, ICD-9-CM = 430-432; ischemic stroke, ICD-9-CM = 433-434; undefined stroke, ICD-9-CM = 435-438). Propensity score matching method was used to match the patients with stroke to a control group of 20,551 subjects without stroke for age, gender, age categories and Charlson Comorbidity Index (CCI) score categories. The CCI scores were calculated as follows: myocardial infarction (1 point), congestive heart failure (1 point), peripheral vascular disease (1 point), dementia (1 point), chronic pulmonary disease (1 point), rheumatologic disease (1 point), peptic ulcer disease (1 point), mild liver disease (1 point), diabetes mellitus (1 point uncomplicated), diabetes mellitus (2 points if end-organ damage), hemiplegia or paraplegia (2 points), renal disease (1 point), any malignancy (2 points), liver disease (3 points if moderate to severe), metastatic solid tumor (6 points), and AIDS (6 points) [22] . The CCI scores were divided into four categories (score = 0, 1-2, 3-4, and �5). Stroke was excluded from the calculations of CCI score.
Clinical outcomes
Herpes zoster was defined according to ICD-9-CM coding system as HZ with ophthalmicus (053.2), other trigeminal area (053.12), otitis externa (053.71), or unspecified site (053.x) requiring hospitalization or outpatient treatment. Post-herpetic neuralgia was defined as 053.1. To limit the analysis to patients with a first-time incident of stroke or HZ, individuals were excluded if they had any evidence of stroke or HZ before the study period (n = 1557). The subjects were followed up for development of HZ during the next 15 years (1996-2010).
Self-controlled case-series study (SCCS) method (Fig 1)
The SCCS method was used to compare within-patient risks during different time periods. All patients who had both a stroke accident and HZ event were identified. Since it's hard to collect data for the confounding factors completely, observational study is not able to effectively capture crucial differences between patients with and without stroke, which leads to residual confounding [23] . As a result, risks are usually compared between the post-stroke period and other "non-exposure" time periods. Avoiding between-person confounding effects resulted from different HZ risks between individuals without or with stroke is the major advantage through utilizing SCCS.
Statistical analysis
Parametric continuous data were compared across groups by Student t-test,one-way analysis of variance or Kruskal-Wallis test when categorical data were compared by Chi-square test as appropriate. Survival times were determined across from stroke occurrence to the date of theHZ event or to the end of the study period (December 31, 2010), whichever occurred first. Kaplan-Meier method was used to construct the survival curves, and log-rank test was used to compare homogeneity between groups. The hazard ratios (HRs) and 95% confidence intervals (CIs) for HZ events were estimated by Cox proportional hazards model after adjustment for age, gender and CCI. Poisson regression analysis was performed to calculate incident rate ratio (IRR).
The SCCS method was used for within-patient comparisons of risks during different time periods. The exposure period began with the onset of stroke accident and ended 12 months later. The non-exposure time period was defined as all other observation time period. The primary analyses estimated the effects of different stroke types (hemorrhagic, ischemic, and undefined) on the risk of HZ; further analyses were done to assess the different types of HZ risk such as ophthalmic, other trigeminal, unspecified-site, and post-herpetic neuralgia. Conditional Poisson regression analysis was utilized to determine IRRs and 95% CIs for HZ within each stratum of the exposure period in comparison with non-exposure time period after adjustment for age at the index date for HZ and gender.
All data were processed and analyzed using Statistical Analysis Software, version 9.4 (SAS Institute, Cary, NC, USA) with a statistically significant level of 2-tailed P-value < 0.05 Table 1 presents the characteristics of the study population. Average age in the 20,551 stroke patients and 20,551 matched controls was 68.8±13.5 and 68.7±13.3 years, respectively. The stroke patients and controls did not significantly differ in age groups, gender, or CCI scores.
Results
Characteristics of the study population
Stroke and HZ risk (Table 2)
In this cohort set, 1,539 of 20,551 stroke cases and 2,844 of 20,551 matched controls experienced HZ events. Interestingly, at the 1-year follow up and 5-year follow up, 262 and 930 of 20,551 stroke patients had HZ whereas only 11 and 371 of 20,551 matched controls had HZ. That is, the incidence of HZ over a 1-year period was significantly greater in stroke patients (13.51 per 1000 person-years) compared to controls (0.54 per 1000 person-years). Higher risk of herpes zoster in stroke Furthermore, the incidence of HZ over a 5-year period was also significantly greater in stroke patients (12. 18per 1000 person-years) compared to controls (3.63 per 1000 person-years). Our results showed that stroke significantly (P<0.0001) increased the risk of HZ events over a 1-year period (adjusted HR = 25.27) and over a 5-year period (adjusted HR = 3.44). Stratification by gender and age similarly showed a significantly higher risk in stroke patients compared to controls. In stroke patients, the incidence of HZ did not significantly differ between males and females, but increase with age. Fig 2 shows that the Kaplan-Meier curves for incidence of HZ events significantly differed between individuals with and without stroke (log-rank test P< 0.0001). In patients with stroke, the cumulative incidence of HZ was 1.35% over a 1-year period (versus 0.05% in controls) and 5.85% over a 5-year period (versus 1.80% in controls).
Next, a self-controlled case-series study method was used to compare within-patient (n = 1,539) stroke risk during different time periods. Table 3 shows that the median age at time of stroke was 65.1 years (interquartile range [IQR] = 55.9-72.5 years), and 51.1% of stroke patients were male. The median observation period was 3.8 years (IQR = 1.6-6.9 years). Most strokes were ischemic type (n = 777), followed by undefined type (n = 512) and hemorrhagic type (n = 250). Most patients (n = 1,424) suffered from the HZ of unspecified-site; 83 patients had HZ ophthalmicus; 32 patients had HZ in other branches of the trigeminal nerve; 417 patients had post-herpetic neuralgia. Table 4 shows that, compared to non-exposure period, the incidence rates of HZ and postherpetic neuralgia significantly increased. (Overall HZ cases (IRR = 2.23, 95% CI, 1.95-2.55), patients with HZ ophthalmicus (IRR = 2.46, 95% CI 1.40-4.33), patients with unspecified-site HZ (IRR = 2.23, 95% CI 1.94-2.56) and patients with post-herpetic neuralgia (IRR = 2.15, 95% CI 1.65-2.81)). Our results also showed that HZ risk was increased by each stroke type, 
Discussion
After controlling for covariates, patients with stroke had a 25.27 times higher risk of HZ compared to the general population over a 1-year follow-up period and a 3.44 times higher risk of HZ over a 5-year follow-up period. After stratification by gender, the incidence of HZ events was significantly higher in both male and female stroke patients compared to controls. Furthermore, the incidence of HZ events was significantly higher in stroke patients at different ages compared to controls after the stratification by age. Both hemorrhagic stroke and ischemic stroke were significantly associated with increased risk of HZ. Specifically, hemorrhagic stroke was associated with an increased risk of HZ ophthalmicus and ischemic strokewas associated with an increased risk of post-herpetic neuralgia. To our knowledge, this is the first cohort study to compare HZ risk between hemorrhagic stroke and ischemic stroke. Higher risk of herpes zoster in stroke Risk factors for HZ include female gender, mechanical trauma, genetic susceptibility, [24] interleukin 10 gene polymorphism [25] as well as weakening of the immune system due to the aging process [26] , comorbidity [27] , drug exposure [28] , disease severity [29] and nutritional deficiencies [15] . The causal pathway between stroke and HZ remains unclear but is probably multifactorial.
Firstly, stroke results in a localized depletion of oxygen and energy, which causes death of cells in affected areas [30] . Dying cells stimulate an inflammatory response intervened by local innate immune cells in the brain and other immune cells entering into the brain from the bloodstream. Inflammatory reactions release inhibitory molecules within the immune system, which are usually self-limiting and self-resolving. The release of pro-inflammatory cytokines in the brain stimulates the expansion of an immune-suppressive cell population which suppresses both innate and adaptive immune responses 4 . The excessive inflammatory response in the brain paradoxically prompts an immune-suppression state in the peripheral tissues. Therefore, stroke patients are at risk for fatal secondary infections [31, 32] . On one hand, the autonomic nervous system controls inflammation through neural circuits that affect immune cells [33] . Cholinergic anti-inflammatory pathways sense inflammation through peripheral nerves and then suppress pro-inflammatory cytokines production [34] . On the other hand, myeloidderived suppressor cells (MDSCs) present adaptive immune responses and release anti-inflammatory factors which interrupt the destructive cycle of chronic inflammation [35] . Activities of MDSCs are not limited to the central nervous system but also occur in the periphery tissues. Lies et al. reported that MDSCscirculating in the blood stream can shape systemic inflammatory responses that may induce post-stroke immune-suppression [31] . Patients who develop post-stroke infections tend to have a reduced lymphocyte count and a delayed recovery of Tlymphocyte loss. Suppression of the immune system inducing post-stroke infection can then increase the risk of HZ infection.
Secondly, depression is a common complication after stroke [36] ; post-stroke depression affects up to one third of stroke survivors [37] . The depression risk in stroke survivors almost doubles that in the general population. As many as half of all stroke survivors experience depression within 5 years after stroke [38] . Depression risk may be affected by the extent and location of brain injury, vascular comorbidities, and reaction to a new functional disability [39] . Studies consistently show that physical disability, cognitive impairment and high stroke severity are risk factors for depression [40] . Persistent depression at 12 months after stroke is related to female gender, young age, non-White ethnicity, inability to work and poor functional outcome. Depression is known to have neuro-endocrineand immunological/ inflammationeffects [41, 42] . Sustainedactivationof the hypothalamic-pituitary-adrenal axis and the sympathetic nervous system during chronic stress leads to immunosuppression in mood disorders [43] . Mood disorders including anxiety or depression are linked to impaired cell mediated immunity (CMI) [43] . Herpes zoster results from reactivation of the VZV from sensory ganglia while cell-mediated immunity declines below a critical level [44] . Specifically, CMI specific to VZV is decreased in major depression and is negatively related to severity [45, 46] . In two case-control studies using data from practices in the United Kingdom and nationwide Danish registries [47] , Schmidt et al. showed that mood disorders, including depression, were associated with increased risk of HZ. In a retrospective population-based cohort study, Liao et al. revealed that patients with depression are at a raised risk of HZ, especially those aged 45 to 54 years and those with comorbidities, including hypertension, hyperlipidemia, renal diseases, rheumatic diseases, anxiety, sleep disorder and malignant conditions [48] . Depression is also associated with obesity, smoking and low physical activity [49] [50] [51] . Furthermore, depression increases mortality and worsens preexisting morbidities including diabetes and cardiovascular disease [52] [53] [54] , both of which are risk factors for HZ [55] . Hence, we hypothesize that reduced cell-mediated immunity caused by post-stroke depression may be a risk factor for the development of HZ, especially during the time period shortly after stroke.
Herpes zoster is mostly observed in elderly immunocompromisedpatients, which is consistent with our result which showed the incidence of HZ increased with age in stroke patients [56] . Literatures reported that many infections occurred during acute stroke phase, which developed 3 days after stroke event [20] . In the current study,the Cox proportional hazards model and the Kaplan-Meier analysis demonstrated that the risk of herpes zosterdeveloped 1 year after stroke and continued over time, even after 5 years of stroke event. These findings stress that the immunological dysfunctions after stroke may be rapid onset and last for a long time; hence, preventive strategies for herpes zoster infection following strokeshould not be interrupted. Both the risks for hemorrhagic stroke and ischemic stroke increased after a HZ episode. The risk of developing HZ ophthalmicus is highest in hemorrhagic strokewhile postherpetic neuralgia is highest in ischemic stroke. Older age is the most important attributable factor in stroke and HZ. Although the presence of immunosuppression could exacerbate the HZ ophthalmicus and post-herpetic neuralgia, the mechanism of stroke subtypes influence attack of HZ ophthalmicus or post-herpetic neuralgia remains unknown. Furtherexploration into this matter is considered.
A notable strength of this study is its use of a large-population database, which provided sufficient statistical power to analyses. Secondly, this study used propensity-score matching to lessen confounded associations and selection bias. Another strength is its analysis of a relatively homogenous Taiwan population. Most subjects were ethnically Han Chinese, which reduces potential confounding effects of racial differences since ethnicity may be a risk factor for HZ [57] .
However, several limitations should be considered in this analysis. First, misclassification is possible because the HZ diagnoses were based on ICD-9 codes by physicians. However, the clinical presentations of HZ are characteristic, and patients in Taiwan do not require a referral letter from a general practitioner before their initial visit with a dermatologist. Hence, an HZ misdiagnosis was probably a rare occurrence in our study population. Although some patients with mild HZ may not seek medical help, the number of patients with HZ who did not visit a physician was probably low because the Taiwan health insurance system requires only a small copayment for each visit. Second, the database lacks information regarding possible confounding factors such as smoking habits, alcohol consumption, dietary habits, nutritional status, physical activities and laboratory confirmations. Additionally, the administrative database did not contain information about stroke severity or location and level of consciousness; hence, the effects of these factors on the occurrence of HZ could not be determined. Furthermore, it was not possible to evaluate all risk factors and to avoid all confounders. Most comorbidities related to the risk of HZ were identified in CCI except depression. However, propensity-score matching was utilized in our analysis; hence, all adjusted HRs for HZ in all subclasses of stroke patients indicated increased HZ risk, which validates the findings of this study. Moreover, recurrent stroke among those stroke patients experiencing HZ episode can't be easily identified just by using ICD-9-CM codes. Finally, further research is warranted although the mechanisms of post-stroke HZ infections arebeyond the scope of the current study.
Conclusion
In conclusion, this population-based study showed that, in comparison with a control group without stroke, adult stroke patients have an increased risk for HZ, especially within 1 year after stroke. Both hemorrhagic stroke and ischemic stroke were significantly associated with HZ risk. Moreover, hemorrhagic stroke had a strong association with HZ ophthalmicus, and ischemic stroke had a strong association with post-herpetic neuralgia. Post-herpetic neuralgia lasting for months or years is the major morbidity caused by HZ, which consumes substantial medical resources [7] ; treating the complication often requires a multifaceted approach. Herpes zoster vaccines are now considered effective at markedly reducing morbidity related to HZ in the immunocompetent elderly [22] . Physician should know about the increased incidence of HZ in adults with stroke and should be acquainted with proper antiviral therapy and pain control to reduce the morbidity that ensues from an HZ outbreak.
